In acute coronary syndromes (ACS), the optimal revascularization strategy for unprotected left main coronary disease (ULMCD) has been little studied. The objectives of the present study were to describe the practice of ULMCD revascularization in ACS patients and its evolution over an 8-year period, analyse the prognosis of this population and determine the effect of revascularization on outcome.
Introduction
The optimal revascularization strategy for unprotected left main coronary disease (ULMCD) is the subject of ongoing debate.
In theory, it is one of the best indications for coronary artery bypass graft (CABG) surgery, mainly because randomized studies performed decades ago demonstrated a reduction in mortality with CABG vs. conservative medical treatment. 1, 2 However, since then, the feasibility of unprotected left main percutaneous coronary intervention (PCI) with bare-metal stents has been reported 3 -5 followed, more recently, by favourable outcomes with drug-eluting stents. 6 -9 Data on the management of ULMCD are available from a limited number of observational studies, all of which had small sample sizes; a recent pooled analysis identified 16 of these studies, involving a total of 1278 patients with ULMCD, and showed a 2.3% hospital mortality rate in patients who underwent PCI with drug-eluting stents. 10 Propensity score matching methods have also been used and demonstrated similar outcomes for PCI and CABG revascularization in ULMCD. 11, 12 Randomized comparisons of PCI vs. CABG in patients with ULMCD are limited to the left main stenting trial, in which 105 patients were randomized to either strategy, 13 and to the ULMCD subgroup in the recently presented SYNTAX (SYNergy Between PCI with TAXUS and Cardiac Surgery) study. 14 In most of these studies, especially when randomizing or comparing matched cohorts, the highest risk patients were excluded. Indeed, acute (e.g. ST-segment elevation myocardial infarction (STEMI)) or serious (e.g. cardiogenic shock) cases, the elderly, and patients with comorbid conditions are all more likely to be treated with PCI, while those with complex anatomies or ULMCD with concomitant multivessel disease are more likely to undergo CABG. We explored the treatment strategies applied to ULMCD in unselected patients presenting with an acute coronary syndrome (ACS), a high-risk clinical situation that impacts treatment choices and clinical outcomes in a way not seen in studies that dealt mainly with stable and scheduled cases.
Methods
Full details of the Global Registry of Acute Coronary Events (GRACE) methods have been published. 15 -17 In brief, GRACE was designed to reflect an unselected population of patients with ACS, irrespective of geographic region. A total of 14 countries in North and South America, Europe, Australia, and New Zealand have contributed data to this observational study. Adult patients (18 years) admitted with a presumptive diagnosis of ACS at participating hospitals were potentially eligible for this study. Eligibility criteria were a clinical history of ACS accompanied by at least one of the following: electrocardiographic changes consistent with ACS, serial increases in biochemical markers of cardiac necrosis (CK-MB, creatine phosphokinase, or troponin), and documented coronary artery disease. Patients with non-cardiovascular causes for the clinical presentation, such as trauma, surgery, or aortic aneurism, were excluded. Patients were followed up at approximately 6 months by telephone, clinic visits, or through calls to their primary care physician to ascertain the occurrence of several long-term outcomes. Where required, study investigators received approval from their local hospital ethics or institutional review board for the conduct of this study.
To enrol an unselected population of patients with ACS, sites were encouraged to recruit the first 10 to 20 consecutive eligible patients each month. Regular audits were performed at all participating hospitals. Data were collected by trained study co-ordinators using standardized case report forms. Demographic characteristics, medical history, presenting symptoms, duration of pre-hospital delay, biochemical and electrocardiographic findings, treatment practices, and a variety of hospital outcome data were collected. Standardized definitions of all patient-related variables, clinical diagnoses, and hospital complications and outcomes were used. 15 All cases were assigned to one of the following categories: STEMI, non-STEMI, or unstable angina. Patients were diagnosed with STEMI when they had new or presumed new ST-segment elevation 1 mm seen in any location, or new left bundle branch block on the index or subsequent electrocardiogram with at least one positive cardiac biochemical marker of necrosis (including troponin measurements, whether qualitative or quantitative). In cases of non-STEMI, at least one positive cardiac biochemical marker of necrosis without new ST-segment elevation seen on the index or subsequent electrocardiogram had to be present. Unstable angina was diagnosed when serum biochemical markers indicative of myocardial necrosis in each hospital's laboratory were within the normal range. The main outcome measure of the present study was mortality evaluated in-hospital and at 6 months' follow-up. Other ischaemic and haemorrhagic endpoints were evaluated at same time points. Full definitions can be found on the GRACE web site at www.outcomes.org/grace. Hospital-specific feedback regarding patient characteristics, presentation, management, and outcomes are provided to each centre on a quarterly basis in the form of written reports.
Statistical analysis
Univariate comparisons were performed using Fisher's exact test for dichotomous variables, the Cochran-Mantel -Haenszel trend test for Killip class (ordinal), and the Wilcoxon rank-sum test for continuous variables. Kaplan-Meier curves show unadjusted cumulative mortality and stroke from hospital admission to 6 months according to the revascularization group. The groups were treated as time-varying covariates, so that if a patient underwent CABG on day 4 after admission they were counted as not having revascularization performed on days 0 -3, and as having had CABG surgery from day 4 onwards.
Adjusted results for mortality were calculated from multiple Cox regression models, treating PCI and CABG as time-varying covariates. The results were adjusted for the GRACE risk score variables (age, cardiac arrest at presentation, Killip class, ST deviation on presentation, initial creatinine concentration, positive initial cardiac markers, heart rate, systolic blood pressure). 17 In addition, we adjusted for significant Q-waves on presentation and mechanical ventilation. The Cox model included a time-varying indicator variable of whether an observation for a patient on day t occurs in hospital or after discharge. We then formed an interaction between this variable and revascularization to estimate distinct hazard ratios (HRs) for revascularization with in-hospital and post-discharge mortality. 18 We ran all analyses using SAS version 9.1 (SAS Institute Inc., Cary, NC).
Results

Patient population
This analysis is based on 43 018 patients who presented to 106 hospitals with an ACS between 2000 and 2007, had complete 6-month follow-up data available, and underwent cardiac catheterization. Of these patients, 2783 had significant (.50% stenosis) left main disease identified on the coronary angiogram. To exclude patients with protected left main disease, all individuals with a history of CABG were excluded (n ¼ 921, Figure 1 ). Patients with missing information on revascularization and those who underwent both types of revascularization during the index admission were also excluded. A total of 1799 patients with left main disease were therefore included in the analysis, and were categorized according to the initial treatment strategy as follows: PCI alone (n ¼ 514), CABG alone (n ¼ 612), or no revascularization during hospitalization (n ¼ 673).
Baseline demographics
The median age of the population was 70 (inter-quartile range 60 -78) years and 498 (28%) were women. The population was generally high risk, with 603 (40%) being above 75 years, 472 (26%) with a history of myocardial infarction, 158 (8.9%) with prior stroke, and 168 (9.4%) with renal insufficiency. The most severe patients presented with ongoing STEMI (n ¼ 627, 35%, had new ST elevation or left bundle branch block), heart failure (n ¼ 404, 23% had Killip class .I), and/or cardiac arrest or cardiogenic shock (59, 3.4%). Most (n ¼ 1688, 94%) patients had coronary lesions in addition to left main disease ( Table 1) . The median GRACE risk score 17 was 141 (inter-quartile range 117 -169) (equivalent to an approximate 3% risk of in-hospital death). The baseline characteristics of patients differed significantly between the three strategies. The most severe patient characteristics were found in the group who did not undergo revascularization. The most severe presentation of the index ACS was found in the PCI group. Compared with the other two groups, patients undergoing PCI presented more frequently with an acute myocardial infarction (as opposed to unstable angina), after a cardiac arrest, or in cardiogenic shock, more frequently had a low ejection fraction (median 46%, inter-quartile range 35-57 vs. 50%, 35 -60 in the other two groups, P , 0.05) or a recent history of major surgery or trauma ( in CABG patients, and 143 (ffi3.2%) in non-revascularized patients (P , 0.001 for linear trend). Time to revascularization varied greatly between the PCI and CABG groups: in the PCI group, 48% of patients underwent revascularization on the day of admission vs. 5.1% in the CABG group. At 48 h, 69% of the PCI patients vs. 25% of the CABG patients were revascularized, the median delay to revascularization being 4.5 days for CABG. In revascularized patients, on average one or two stents were used in 79% (n ¼ 376) of PCI patients, with the majority (n ¼ 121, 70%) being bare-metal stents, whereas one to three grafts were placed in 88% (n ¼ 510) of the CABG patients, with the majority (n ¼ 426, 73%) receiving both venous and arterial grafts ( Table 2) . In PCI patients, there was a steady increase in the use of drug eluting stents over time, reaching 49% of stents implanted in 2007 (P , 0.001 for linear trend).
Trends in left main revascularization over 8 years
The median GRACE risk score remained constant over the 8-year study period, with a stable 20-point difference between PCI and CABG groups from 2000 to 2007 (Figure 2A) .
In 2000, the rate of CABG was 2.5-fold higher than the rate of PCI. There was a steady shift to more PCIs over time despite the same difference in risk score between CABG and PCI over this period ( Figure 2B ). In 2007, the PCI rate was 40% while the CABG rate was 25%. The proportion of patients who did not undergo revascularization remained stable over the study period (39% in 2000; 35% in 2007).
Clinical outcomes
Hospital mortality was 7.7% (n ¼ 139) in the whole population, 11% (n ¼ 69) in those with new ST elevation or left bundle branch block on the index ECG, and 34% (n ¼ 20) in patients who presented with cardiogenic shock and/or after a cardiac arrest ( Table 3 ). The cumulative mortality rate from hospitalization to 6 months post-discharge in the ACS cohort with left main disease was 14%. As expected based on composite GRACE risk scores and percutaneous revascularization of the most acute cases, both in-hospital and 6-month mortality rates were higher in the PCI group ( Table 3) . The lowest mortality both in hospital and after discharge was in patients who had initially undergone a surgical revascularization strategy ( Figure 3A) . After discharge, patients who did not undergo hospital revascularization had the highest mortality rate at 6 months (n ¼ 46, 10% vs. n ¼ 17, 5.4% in the PCI group and n ¼ 7, 1.6% in the CABG group) ( Table 3) . The initially non-revascularized patients had a 43% (n ¼ 179) rate of surgical revascularization during the 6-month follow-up period. Ninety-two per cent of the 43% revascularized after discharge were scheduled for post-discharge revascularization in the hospital. The two most frequent in-hospital complications in our ACS population with left main disease were episodes of recurrent ischaemia (n ¼ 503, 28%) and heart failure (n ¼ 389, 22%), which often may have prompted revascularization. Nine per cent (n ¼ 162) of patients developed cardiogenic shock during hospitalization and significantly more of these had PCI (n ¼ 70, 14%) than CABG (n ¼ 45, 7.4%; Table 3 ). CABG revascularization was associated with a fivefold increase in stroke in comparison with the other two groups (Table 3, Figure 3B ). There was no between-group difference for stroke after discharge up to 6 months ( Table 3) . Finally, there was no difference between groups for the triple ischaemic endpoint of death, re-infarction, or stroke ( Table 3 ).
Cox regression model for death
The covariates (HR, 95% confidence interval (CI)) were cardiac arrest at presentation (0.74, 0.29-1.86), Killip class I-IV (1. Type of graft   Venous  ------97  582  17  ---n/a  Arterial  ------59  582  10  ---Both  ------426  582  73  ---IABP  271  1752  16  99  501  20  143  593  24  29  658 4.4 0.009 *PCI vs. CABG. ACE, angiotensin-converting enzyme; GP, glycoprotein; IABP, intra-aortic balloon pump; IV, intravenous; LMWH, low-molecular-weight heparin; n/a, not applicable.
95% CI 0.23 -0.85) and CABG (HR 0.11, 95% CI 0.04-0.28) were significantly associated with improved survival in comparison with an initial strategy of no revascularization.
Discussion
To our knowledge, this study presents one of the largest data sets of ULMCD and certainly the largest experience in ACS. The incidence of ULMCD in patients with an ACS is not known precisely and we report here an incidence of 4% (1799 of 43 018), which may be an underestimate as many patients may have died early before enrolment and, cardiac catheterization was performed in only 62% of the patients enrolled in the registry. An important finding from this 8-year study is that PCI has become the preferred mode of revascularization for ULMCD and is used in the highest risk patients, but is associated with frequent repeat revascularizations in the following 6 months. In contrast, surgery is performed in lower risk patients and is associated with better survival but with more frequent acute strokes. After adjustment for baseline characteristics, both types of revascularization improved 6-month survival in comparison with an initial conservative medical strategy. Although still debated, the use of percutaneous revascularization in ULMCD has increased in frequency, with improvements and standardization of techniques, including T-stenting, high pressure inflation, optimization of stenting with intravascular ultrasounds, the kissing-balloon technique, and restenosis reduction with drug-eluting stents. Our study confirms this impression in unselected patients presenting with an ACS, recruited in more than 100 multinational centres, and in whom PCI was the preferred revascularization strategy in the last 3 years of the study. There may be an early hazard for this approach in ACS patients, with an in-hospital mortality rate two-to four-fold higher than the rates usually reported for scheduled percutaneous revascularization of ULMCD. 10, 14, 19, 20 This is explained largely by the patients' high-risk characteristics, due to the absence of exclusion criteria in GRACE, and, when ACS is complicated by cardiogenic shock and/ or resuscitated cardiac arrest, in-hospital mortality reached 40% in the PCI group. Whether CABG would be a better option in shock patients is still discussed.
21
Despite the trend over time to more frequent percutaneous revascularization, the group who underwent CABG was as large as the PCI and non-revascularization groups, and had the lowest non-adjusted mortality rate at hospital discharge and at 6 months. The GRACE risk score, which evaluates risk of in-hospital mortality in ACS patients, 17 was significantly lower in CABG patients than in PCI patients, reflecting the selection of patients for CABG surgery. A similar observation was reported with the EuroScore and Parsonnet revascularization scores, which were lower for CABG than for PCI in the recent SYNTAX registry of patients who were not candidates for randomization in the SYNTAX study. 14 In the present study, in-hospital death and cardiac arrest were less frequent in the CABG group, as was death, myocardial infarction, and revascularization from hospital discharge to 6 months. After adjustment, CABG revascularization was strongly and significantly associated with survival from discharge to 6 months in comparison with the group who did not undergo revascularization. Percutaneous coronary intervention was also significantly and positively associated with survival over the same period, although with a lower magnitude.
Whether or not the difference in survival between the two modes of revascularization is due to the treatment strategies themselves or to differences in the patient populations undergoing such treatment is not possible to determine in this observational study. Although we attempted to adjust for all confounding variables measured, other important clinical or angiographic parameters that influence clinical outcome may have been overlooked or not even collected and we could not adjust for the selection of patients into the treatment groups. Moreover, considering PCI and CABG as time-varying covariates is a statistical approach that carries its own limitations. Half of the patients in the PCI group underwent revascularization on the day of admission, accumulating all the risks of the ACS event and of the revascularization procedure in the first 24 h, while the median time to revascularization was 4.5 days in the CABG group, selecting out patients who died from the event or developed a contraindication to surgery during the waiting period. Finally, CABG patients had a significant excess of stroke in comparison with the other two groups, a complication of CABG also identified in the SYNTAX study. Whether the procedure of revascularization itself or other factors such as single vs. double antiplatelet therapy is involved in this excess risk of stroke cannot be determined from our study. Altogether, the triple ischaemic endpoint (death, re-infarction, or stroke) did not differ significantly between groups during the hospital phase.
Evidence-based practice guidelines recommend rapid access to angiography and revascularization in both high-risk non-ST elevation and ST elevation ACS. 22 -25 Patients with ULMCD are among the highest risk patients presenting with an ACS but current consensus guidelines do not address the optimal timing and mode of revascularization for these individuals. The adjusted 6-month survival benefit observed with revascularization in our study suggests that these recommendations may well apply to ACS with ULMCD. Percutaneous coronary intervention of ULMCD is frequently performed in ACS patients and recent reports suggest a larger clinical benefit with drug-eluting stents than with bare-metal stents. 26 Interestingly also, of the patients who did not undergo any type of revascularization during the index hospitalization, 43% underwent CABG revascularization during the 6-month period following discharge. This suggests that the initial very high risk of these patients should not preclude re-evaluation for potential revascularization at some point before hospital discharge.
Conclusions
Unprotected left main coronary disease in patients presenting with an ACS is a rare but serious situation, with high in-hospital mortality, especially in those presenting with STEMI and/or haemodynamic or arrhythmic instability. Percutaneous coronary intervention has become the most common strategy of revascularization in ACS patients with ULMCD and is generally preferred in Figure 3 (A) Cumulative death rate by revascularization group as a time-varying covariate. The number of patients analysed in each group were as follows: n ¼ 513 for percutaneous coronary intervention, n ¼ 607 for coronary artery bypass graft, and n ¼ 670 for neither. (B) Cumulative rate of stroke by revascularization group as a time-varying covariate. The number of patients analysed in each group were as follows: n ¼ 492 for PCI, n ¼ 581 for CABG, and n ¼ 633 for neither.
Unprotected left main in ACS patients with multiple comorbidities and/or in very unstable patients. In contrast, CABG surgery, when possible, is often delayed by a few days and is associated with good 6-month survival. Therefore the two modes of revascularization appear complementary in this high-risk group.
